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(54) SELECTIVE MODIFICATION OF INSIDE OF SOLID MATERIAL AND SOLID MATERIAL WITH 
SELECTIVELY MODIFIED INSIDE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a material for an optical 
element in which such a region is formed in the inside that refractive 
index is changed in a prescribed pattern. 

SOLUTION: A light-gathering point is controlled in a specific region 
and pulse laser is convergently irradiated to a solid material having 
such a plurality of regions in the inside that rare earth ions and/or 
transition metallic ions are contained and refractive indexes are 
mutually different. Valance number of the rare earth ions and/or 
transition metallic ions in the specific region is selectively changed. 
Such regions are selectively formed in the material irradiated with 
laser that valence number of rare earth ions and/or transition metallic 
ions is changed by convergent irradiation of pulse laser in the inside of 
the specific region. Refractive index of the region in which the valence 
number of ions is changed, differs from the other region. 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The alternative reforming method inside the solid material which adjusts a condensing point to a specific 
field, carries out the convergent radiotherapy of the pulse laser to the solid material which has two or more fields where 
refractive indexes differ mutually including rare earth ion and/or transition-metals ion inside, and is characterized by 
changing alternatively the rare earth ion and/or transition-metals valence of ion of the aforementioned specific field. 
[Claim 2] The alternative reforming method inside the solid material according to claim 1 which uses the inorganic 
glass containing one sort of an oxide, a halogenide, and chalcogenide, or two sorts or more as solid material. 
[Claim 3] The alternative reforming method inside the solid material according to claim 1 or 2 for which two or more 
films with which refractive indexes differ mutually including rare earth ion and/or transition-metals ion use the solid 
material by which the laminating was carried out. 

[Claim 4] The alternative reforming method inside solid material given in any of the claims 1-3 to which the 
condensing point of pulse laser light is relatively moved to solid .material they are. 

[Claim 5] The alternative reforming method inside solid material given in any of the claims 1-4 which repeat irradiation 
of pulse laser light intermittently they are. 

[Claim 6] The alternative reforming method inside the solid material which forms alternatively the field where carried 
out the convergent radiotherapy of two or more pulse laser light to the solid material containing rare earth ion and/or 
transition-metals ion simultaneously in, the interior of solid material was made to generate periodic optical intensity 
distribution in according to interference of light, and rare earth ion and/or transition-metals valence of ion changed in 
the specific field inside solid material by the pattern corresponding to these optical intensity distribution. 
[Claim 7] Solid material characterized by having the field where refractive indexes differ including rare earth ion 
and/or transition-metals ion inside, and forming alternatively the field where rare earth ion and/or transition-metals 
valence of ion changed with the convergent radiotherapies of a pulse laser in a specific field. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention - rare earth ion - and - or the field where the refractive index changed 
alternatively with transition-metals valence-of-ion change is related with the solid material currently formed in the 
interior by the predetermined pattern, and its manufacture method 
[0002] 

[Description of the Prior Art] If solid material is heat-treated near [ near the melting point ] an elevated temperature by 
oxidization or reducing atmosphere, the rare earth ion and transition-metals valence of ion which are contained in solid 
material will change. When based on this method, it is difficult to change alternatively some valences of rare earth ion 
or transition-metals ion in the field to which that to which the rare earth ion distributed over the whole solid material 
and transition-metals valence of ion can be changed was specified. And the structure or the whole which the field 
where refractive indexes differ unites in the case of the solid material which consists of fields which have a different 
refractive index, and is different from original from processing solid material at the elevated temperature near the 
melting point may deteriorate into the material which has a uniform refractive index. 

[0003] Rare earth ion and transition-metals valence-of-ion change are produced also by irradiation of an X-ray, 
ultraviolet rays, etc. When covering solid material with a shading nature mask with a predetermined pattern on the 
occasion of irradiation of an X-ray or ultraviolet rays and irradiating the front face of solid material alternatively, the 
field where rare earth ion and transition-metals valence of ion changed can be formed according to a predetermined 
pattern. Since the valence change by the X-ray or ultraviolet rays is change of 1 photon process, the energy of an X-ray 
or ultraviolet rays will be absorbed from the front face of material. Therefore, only in the field which has the arbitrary 
refractive indexes inside solid material, rare earth ion and transition-metals valence of ion cannot be alternatively 
changed by this method. Moreover, glass itself starts solar RIZESHON by the X-ray and ultraviolet rays which were 
absorbed from the front face, and it becomes easy to generate the fault of coloring or refractive-index change 
[0004] 

[Problem(s) to be Solved by the Invention] That is, it is difficult to change alternatively all the rare earth ion, and/or 
transition-metals all [ a part or ], without changing the circumference only in the field which has a specific refractive 
index inside the solid material which consists of fields which have the refractive index from which plurality differs, 
when based on a conventional method. However, offer of an element with a complicated optical circuit is strongly 
desired increasingly with development of optical technology including optical communication and optical information 
processing. In order to produce a complicated optical circuit, the technology which writes in a predetermined pattern is 
needed not only for a surface region like before but the interior of solid material. If the writing to the interior is 
attained, an optical circuit with three-dimensions-structure can be formed and it can respond to the demand of 
complication and advanced features enough. 
[0005] 

[Means for Solving the Problem] this invention aims at offering the charge of optical-element material by which the 
field where ionic-valence change was produced in the specific field, and the refractive index changed by the 
predetermined pattern was formed in the interior by being thought out meeting such a demand, adjusting a condensing 
point to the internal specification field of solid material, and irradiating pulse laser light. In order that the alternative 
reforming method of this invention may attain the purpose, it adjusts a condensing point to a specific field, carries out 
the convergent radiotherapy of the pulse laser to the solid material which has two or more fields where refractive 
indexes differ mutually including rare earth ion and/or transition-metals ion inside, and is characterized by changing 
alternatively the rare earth ion and/or transition-metals valence of ion of the aforementioned specific field. 
[0006] With the material by which laser radiation was carried out, the field where rare earth ion and/or the transition- 
metals ionic valence changed with the convergent radiotherapies of a pulse laser is alternatively formed in the specific 
field, and the refractive index of an ionic-valence change field differs from other fields. Moreover, the distribution of 



the periodic optical intensity produced by interference of light can also be used for valence change. In this case, the 
convergent radiotherapy of two or more pulse laser light is simultaneously carried out to solid material, periodic optical 
intensity distribution are generated according to interference of light, and rare earth ion and/or transition-metals valence 
of ion are alternatively changed in the specific field inside solid material by the pattern corresponding to these optical 
intensity distribution. As solid material, inorganic glass and crystal material containing one sort of an oxide, a 
halogenide, and chalcogenide or two sorts or more, the material to which the laminating of the film with which an 
optical fiber and an optical waveguide differ from a refractive index was carried out are used. Moreover, two or more 
films with which refractive indexes differ mutually including rare earth ion and/or transition-metals ion may use the 
solid material by which the laminating was carried out. Inorganic glass or an inorganic crystal containing one sort of 
the oxide which goes across one sort or two sorts or more in transition-metals ion, such as rare earth ion, such as Ce, 
Nd, Pr, Sm, Eu, Tb, Dy, Yb, and Tm, and Ti, Mn, Cr, V, Fe, Cu, Mo, Ru, throughout material, or is specifically 
included partially, a halogenide, and chalcogenide, or two sorts or more etc. is used as solid material. 
[0007] 

[The gestalt of operation] If the convergent radiotherapy of the condensing point of a pulse laser is aligned and carried 
out to the field which has a specific refractive index in the interior of solid material, rare earth ion and/or transition- 
metals valence of ion will change alternatively only in a condensing point and its near. Then, if a condensing point is 
made displaced relatively to solid material, the field where the valence changed will be formed along with move tracing 
of a condensing point. If a pulse laser is intercepted to arbitrary timing at the time of relative displacement, two or more 
fields where the valence changed will be formed in the interior of solid material. Moreover, if the convergent 
radiotherapy of two or more pulse lasers is simultaneously carried out to the field of a specific refractive index, 
intensity distribution will be attached according to interference of light, and the field where rare earth ion and/or 
transition-metals valence of ion changed periodically will be formed. 

[0008] As for the wavelength of the pulse laser light used by this invention, it is desirable not to lap with the peculiar 
absorption wavelength of the target solid material including the absorption wavelength of rare earth ion or transition- 
metals ion contained in solid material. However, as long as 50% or more of pulse energy of irradiation energy is 
obtained at a condensing point, it is possible to change valence of ion only in the condensing point inside the field 
which has a specific refractive index. Below the picosecond order of the pulse width of pulse laser light is desirable. 
When the energy per pulse is the same, the peak power of pulse laser light needs to enlarge peak energy of a laser 
pulse, in order to obtain small peak power density equivalent from a bird clapper, as pulse width becomes long. The 
peak power of pulse laser light is expressed with watt (W) as a value which broke the output energy per one pulse (J) 
by pulse width (second), peak power density is the peak power of per a unit area (cm2), and it is W/cm2. It is 
expressed. 

[0009] When pulse width was longer than the 500femto second and the convergent radiotherapy of the pulse laser light 
of peak energy required for valence-of-ion change is carried out to the interior of solid material, there is a possibility of 
damaging the material itself by the thermal shock. As shown in drawing 1 , the singular number or two or more fields 2 
which have a specific refractive index unlike the circumference are formed in the interior of solid material 1 pulse laser 
light is irradiated. The pulse laser light 4 is extracted with a condenser lens 5 so that the condensing point 3 may be 
located in this field 2. At a condensing point, the electric field strength of the pulse laser light 4 becomes high, and 
comes to exceed the threshold about the rare earth ion contained to the field 2, or transition-metals valence-of-ion 
change. If an electric field strength exceeds a threshold, the rare earth ion and transition-metals ionic valence which 
exist in the condensing point 3 and its near will change. On the other hand, in the position distant from the condensing 
point 3, an electric field strength is weak and neither rare earth ion nor transition-metals valence-of-ion change takes 
place. That is, only in the condensing point 3 and its near, rare earth ion and transition-metals ion carry out valence 
change, ind the field 2 interior of solid material 1 is reformed alternatively. 

[0010] A valence change field can be formed in a predetermined pattern by moving relatively the condensing point 3 or 
solid material 1 . The method of moving the condensing point 3 in the three directions of X, Y, and Z by operation of 
optical system, the method of moving solid-material 1 the very thing in the three directions of X, Y, and Z, the method 
that combined both are adopted as relative displacement. Thus, the field 2 of solid material 1 is formed for a valence 
change field with arbitrary patterns. The pattern of a valence change field turns into-dimensional [ 2 ] or a three- 
dimensions pattern according to the relative displacement of the condensing point 3 or solid material, or can make the 
field 2 whole a valence change field. Moreover, application of 2 flux-of-light interferometer method in which 
synchronize two laser pulses and an interference fringe is made to form in a condensing point forms the valence change 
reflecting the interference pattern in a specific field. If the convergent radiotherapy of the laser beam of a certain 
wavelength lambda is specifically carried out to an optical waveguide etc. from a 2-way as shown in drawing 4 , in the 
field to which two laser beams overlapped, a periodic luminous-intensity distribution will arise in the longitudinal 
direction of a core by interference of light. Since optical intensity arises only in a strong field, valence change can make 



the incore section produce the valence change corresponding to the pattern reflecting the periodic optical intensity 
distribution produced by interference as a result. Since the period of an interference pattern changes with change of 
wavelength or an incident angle at this time, the optical waveguide which has a target valence change in the incore 
section is obtained. 

[001 1] Since the injection energy density is low, valence change has not arisen to rare earth ion, transition-metals ion, 
etc. around the reformed field 2. Consequently, a difference arises in an ionic valence between a reforming field and a 
non-reforming field, and an optical property which is different about the absorption of light, luminescence, etc. 
according to valence change is shown on a reforming field and the outskirts of it. The refractive-index difference of a 
reforming field and a non-reforming field gives various functions to the solid material 1 after laser radiation. For 
example, when changing the valence of ion of only a high refractive-index field, a high electric field strength (optical 
intensity) is obtained in a high refractive-index field by the optical locked-in effect by which excitation light (operation 
light), luminescence by the ion which carried out valence change, etc. are confined in a high refractive-index change 
field. Since efficiency acts on luminous intensity greatly, many optical phenomenas, such as optical amplification and a 
nonlinear optical effect, are efficient as a result, can make various optical functions discover and can be used for a 
multiple value and multilayer record, a volume hologram memory, etc. in various kinds of light filter, luminescence 
and a photo detector, optical-amplification elements, laser elements, and optical memory as a highly efficient element. 
And since a complicated refractive-index change field is formed also as a three-dimensions pattern, the demand of the 
high efficiency for which the optical element is asked, a miniaturization, etc. is also fully satisfied. 
[0012] 

[Example] Example 1 : A length of 10cm and the fluoride glass optical fiber of 15 micrometers of core diameters which 
Sm3+ contains were used for the core and the clad field as an irradiated material. Ti of the argon-laser excitation as a 
pulse-laser light: Light with the 200femto second of pulse width oscillated from sapphire laser, a repeat period [ of 
200kHz ], and a wavelength of 800nm was used. Along with the core, the condensing point was moved for the 
condensing point by 50micrometers/second in speed, extracting and carrying out the convergent radiotherapy of the 
pulse laser with an objective lens so that a condensing point may be located in the core region of an optical fiber, the 
peak energy density in a condensing point -- 1010 W/cm2 it was . The Ar ion laser (5 14nm) was irradiated from the 
core end face at the sample after a convergent radiotherapy, and the emission spectrum was measured. The emission 
spectrum (b) of the field where the laser beam was irradiated differs from the emission spectrum before pulse laser 
irradiation (a) clearly so that the measurement result of drawing 2 may see. That is, the emission spectrum after 
irradiation (b) was in agreement with the emission spectrum of Sm2+ to the emission spectrum (a) being in agreement 
with the emission spectrum of Sm3+. The change to (b) of an emission spectrum from (a) shows that Sm valence of ion 
of a core is changing from trivalent to divalent by carrying out the convergent radiotherapy of the pulse laser light to a 
core region. Change was not detected in a field distant from a condensing point by the emission spectrum before and 
behind irradiation. Also in other optical fibers which consist of other halogenides, an oxide, a sulfide, and a 
chalcogenide glass, it checked that Sm valence of ion changed with the convergent radiotherapies to the core region of 
the same pulse laser light from trivalent to divalent. 

[0013] Example 2: The film of 3 micrometers of thickness which has two kinds of refractive indexes was accumulated 
by turns as an irradiated material, and the fluoride glass multilayer in which Sm3+ contains only the film with a high 
refractive index was used. The objective lens adjusted the pulse laser so that a condensing point might be located in the 
Sm3+ content layer with a high refractive index whose number is one. Ti of argon-laser excitation in the state where it 
was then stood still: The 120femto second of pulse width oscillated from sapphire laser, the repeat period of 10Hz, the 
wavelength of 800nm, and peak energy-density 1011 W/cm2 Pulse laser light was irradiated for 1 second. 
Subsequently, after intercepting laser and moving 3 micrometers of condensing points into the same layer, the pulse 
laser was similarly irradiated for 1 second. This operation was repeated in the same layer membrane. Then, the focus 
was further moved to the lower Sm3+ content layer, and the operation which carries out the convergent radiotherapy of 
the pulse laser for 1 second similarly was repeated. By repeating these the operations of a series of, as shown in 
drawing 3 , class 100 spot was irradiated at the Sm3+ content of ten layers. Three-dimensions observation of the 
obtained sample was carried out by the confocal point laser scanning microscope. The Ar ion laser was used for 
observation and luminescence of long wavelength was detected from 670nm. Consequently, luminescence of long 
wavelength was observed from 670nm at the spot of the diameter of 1 micrometer only in the pulse laser irradiation 
position. The emission spectrum of Sm2+ is long wavelength mainly from 670nm, and the emission spectrum of Sm3+ 
is short wavelength from 670nm ( drawing 2 ). Therefore, it was checked that Sm valence of ion is changing from 
trivalent to divalent only in the field in which the pulse laser was irradiated in the multilayer from which a refractive 
index differs. 
[0014] 

[Effect of the Invention] As explained above, in this invention, only the valence of ion of a field which has a specific 



refractive index is alternatively changed by carrying out the convergent radiotherapy of the interior of solid material 
- with the pulse laser light which adjusted the condensing point inside the rare earth ion which consists of fields which 
* have the refractive index from which plurality differs, or transition-metals ion content solid material. In the field distant 
from the condensing point, since neither rare earth ion nor transition-metals valence of ion is changing, the field where 
ionic-valence change took place presents a different optical property about the absorption of light, luminescence, etc. 
The solid material processed according to this invention uses that a valence change field is alternatively formed inside 
material, and it is used as the multiple value and multilayer record in various kinds of light filter, luminescence and a 
photo detector, optical -amplification elements, laser elements, and optical memory, a volume hologram memory, etc. 



[Translation done.] 



* NOTICES * 



* Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Explanatory drawing which carries out the convergent radiotherapy of the pulse laser light to the specific 
field inside solid material 

[Drawing 2] The emission spectrum before and behind the laser radiation which shows that Sm ion of a core region 
changed with laser radiation 

[Drawing 3] Drawing showing the pulse laser light irradiation position to the fluoride glass multilayer of the multilayer 
structure used in the example 

[Drawing 4] Explanatory drawing of the method of carrying out valence change by the pattern corresponding to the 
periodic optical intensity distribution produced in interference 



[Translation done.] 



